Experimental hyperthyroidism has been demonstrated to influence insulin-stimulated glucose utilization in isolated skeletal muscle preparations from fed or starved rats, with increased glycogen-glucose < 1 -phosphate cycling [ I ] and diversion of carbon from net glycogenesis (storage) to glycolysis (degradation) [2] . The present study investigated whether this effect of hyperthywidism is also observed in the intact animal under physiological conditions associated with hyperinsulinaemia and skeletal muscle glycogen deposition, namely refeeding after prolonged (48 h) starvation. Effects of experimental hyperthyroidism o n concentrations of fructose 2,6-bisphosphate [Fru( 2,6)P2], an allosteric activator of glycolysis, were also examined. Two representative hindlimb skeletal muscles: soleus (type 1, oxidative, working in the resting state) and gastrocnemius (type 2. mixed oxidative/ glycolytic. non-working in the resting state), were chosen for study. Comparison was made with changes in glycogen and Fru( 2,6)/', concentrations in the heart, which is known to exhibit profound changes in contractile activity and metabolism in hyperthyroidism.
Albino Wistar rats were either starved for 48 h or starved for 48 h and then refed chow (52% carbohydrate; 16%) protein: 2% lipid, w /~) ud lihitirm, sampling after 2. 4, 6, X or 24 h of refeeding. One group of rats was injected with triiodothyronine (100 &day per 100 g body weight) for 3 days, sampling on day 3 (see [3] ). Muscles were freeze clamped while the rats were under pentobarbital anaesthesia ( 5 min; 6 mg/ 100 g body wt.). Glycogen and Fru( 2,6)P2 concentrations were measured in extracts of freeze-clamped muscles as described previously [4] .
Basal (48 h starved) glycogen concentrations were significantly lower in the soleus than in the gastrocnemius, whereas Fru( 2,6)P, concentrations were higher in soleus (compare Figs. l a and lh). Hyperthyroidism had no effect on basal (48 h starved) glycogen or Fru(2,6)Pz concentrations in either skeletal muscle (Figs. 1 a and 1 h) .
The initial rate of glycogen repletion was significantly higher in the soleus than in the gastrocnemius (compare Figs. I u and 1 h). This is likely to be related to the significantly lower basal glycogen concentration which is observed in the Abbreviation uwd: Fru( 2,6)1'?. fructose 2.6-bisphosphate. soleus after fasting (see 131). The initial rate o f glycogen repletion was unaffected by hyperthyroidism in the soleus and not significantly affected by hyperthyroidism in the gastrocnemius. However, glycogen accumulation in the gastrocnemius was significantly impaired as the duration of refeeding was extended beyond 6 h (Fig. 1 u ) .
In the heart, where (in contrast t o skeletal muscle) glycogen concentrations are increased in starvation (see e.g. 14-61). experimental hyperthyroidism evoked a significant decrease in glycogen concentrations in thc basal (starved) state (Fig.  1 c) . Significantly lower glycogen concentrations continued to be observed in hyperthyroid rats over the first 6 h of refeeding, during which period glycogen conccntrations decreased to the fed level in both control and hyperthyroid rats (Fig. Decreases in Fru( 2,6)1', concentrations arc observed after prolonged starvation in heart and skeletal muscle 141. Thc restoration of cardiac and skeletal muscle Fru( 2,6)1', concentrations to fed values does not occur immediately after refeeding, but relatively low concentrations arc maintained for up t o 8 h [4] . The time courses of restoration o f Fru( 2,6)P2 concentrations in soleus and gastrocnemius were similar and unaffected by hyperthyroidism (Figs. 1 a and 1 h) , but depletion of glycogen in gastrocnemius musclcs of hyperthyroid rats over the period from 8 to 24 h after refeeding was accompanied by more pronounced increases in Fru( 2,6)P2 (Fig. 1 a) . Fru( 2,6)P2 concentrations were significantly higher in hearts from hyperthyroid rats both in the basal (starved) state and also during the initial 8 h of rcfecding (Fig. 1 c) . Previous studies have demonstrated that expcrimental hypothyroidism decreases cardiac Fru( 2.6) P, concentrations in rats fed ad lihitiim [7] .
It is of interest that, in contrast to results obtained with isolated soleus strips, hyperthyroidism did not affect glycogen storage in vivo in soleus muscle after chow refeeding.
The results therefore question the significance of results obtained using isolated soleus preparations incubated with glucose as sole substrate. The specificity of the response suggests that hyperthyroidism may exert its effects primarily on fast-twitch skeletal muscles (such as the gastrocnemius) which have a relatively greater dependence on endogenous glycogen for ATP production than slow-twitch muscles, such as the soleus. As the effects of hyperthyroidism t o decrease glycogen storage in the gastrocnemius were observed only after substantial glycogen repletion had occurred, it is plausible to suggest that in the intact animal, hyperthyroidism acts to sensitize skeletal muscle to glycogenolytic stimuli, rather than to influence muscle glycogen synthesis directly. Period of re-feeding (h) An increase in Fru(2,6)P2 in muscle can be achieved indirectly via stimulation of glycogenolysis (and accumulation of hexose phosphate) o r contractile activity (and incrcascd ATP demand), or directly via stimulation of &phospho-fructo-2-kinase activity. T h e effect of hyperthyroidism to increase cardiac Fru( 2,6)P2 concentrations may be a consequence of associated increases in heart work and ATP requirements: the elevation is independent of the nutritional status and is specific to the heart. T h e failure to observe a significant effect of hyperthyroidism on skeletal muscle Fru(2,6)P2 during the initial 4-6 h of the starved-to-fed transition may be because the predominant direction of flux is towards glycogen synthesis rather than breakdown. 
